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Future Industrial Land Requirements in 
the Cincinnati Area 


VICTOR ROTERUS, SCOTT KEYES, RAYMOND 
VAN SCHAACK* 


In connection with planning for the future of an urban area, it is neces- 
sary to determine both the amount of land that should be set aside for the 
various major land uses and the logical pattern of distribution for these use 
requirements. This paper deals with the manufacturing phases of this 
general land problem in the Cincinnati metropolitan area (defined for this 
purpose as including the northern parts of Kenton and Campbell Counties, 
Kentucky, and all but the extreme western part of Hamilton County, Ohio). 


APPROACH 


Nature and history have joined forces to limit the land suitable for 
manufacturing in the Cincinnati area. Unlike many midwestern urban 
areas which have a level plains topography, the Cincinnati area is one of 
hills and lowlands, characteristic of the Old Drift Flats region’ of southern 
Ohio and Indiana (Fig. 1). The basic frame of low areas is keyed to the 
ancestral course of the Ohio River which formerly turned north at the 


* The authors are all associated with the Cincinnati City Planning Commission. 
Victor Roterus is Chief, Research Section; Scott Keyes is Research Analyst, and 
Raymond Van Schaack is Senior Planner. The authors wish to acknowledge helpful 
suggestions in the course of the survey from their associates with the Cincinnati City 
Planning Commission, particularly Sherwood Reeder, Malcolm Dill, Francis Junior, 
Tracy Augur, and Ladislas Segoe. : 

1 For general region see Erwin Raisz, Map of the Landforms of the United States 
(accompanying Wallace W. Atwood, Physiographic Provinces of North America, 
1940). 
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present mouth of the Little Miami, followed the Norwood Trough to a 
point of juncture with the ancestral Licking River, now Mill Creek, and then 
traced a northward course along the present Mill Creek Valley to a point 


south of Hamilton, Ohio, where it was joined by the Great Miami to flow 
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Fic. 1.—Industrial sites are largely limited to the lowland areas. 


southward, joining its present course at the mouth of that river. Glacial 
action during the Illinoian epoch disrupted this ancestral pattern of the 
Ohio River and forced the river to cut its present and more direct channel 
south of this pattern.” 

2 Nevin M. Fenneman: Geology of Cincinnati and Vicinity, Geol. Surv. of Ohio, 
Fourth Series, Bull. 19, p. 25, 1916. 
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Transportation has followed the framework of lowlands, and the com- 
bination of level land and available transportation limits most industrial 
sites to the lowland areas. Historically, however, residential and business 
uses have pre-empted a large proportion of these lowland areas, and in so 
doing have further restricted the amount of suitable land available for in- 
dustry. Accordingly, it was necessary in this study to determine through 
detailed field survey exactly how much land there was in the various parts 
of the metropolitan area that could be used to meet future industrial needs. 
The second part of the study was to judge the adequacy of this amount 
of land in the light of possible future demands of industry. 


INDUSTRIAL LAND AND SITES SURVEY 


Industrial land was surveyed in terms of actual sites, including both 
presently occupied sites and vacant sites suitable and available for industrial 
use. Data on occupied sites were helpful as one of the bases for estimating 
future industrial land requirements, while data on vacant land permitted the 
compilation of an up-to-date and complete inventory of specific sites available 
to meet these requirements. 

The survey data on industrial sites were tabulated with reference to 18 
industrial districts (Fig. 2). These districts represent present groupings of 
industry and provide a convenient basis for statistical tabulation and for 
making the distributive aspects of the problem more apparent. It will be 
noted that these districts are coincidental with the lowland areas of Figure 1. 
Ninety-five per cent of the approximately 1,600 manufacturing establish- 
ments of the metropolitan area are contained within these industrial districts. 
The remaining industrial establishments are widely scattered. 


PRESENT USE 


With reference to land already occupied by industry, it was found that 
the metropolitan area contains some 1,384 industrial sites comprising a total 
of 3,793 acres of land (Table I). Of this total, 2,926 acres are in the 18 


TABLE I 
Lanp IN INDUSTRIAL Use, CINCINNATI AREA 


Number of 
Area Number of acres occupied sites 
18 industrial areas ......... 2,926 1,296 
Outside 18 areas ........... 867 88 


industrial districts, the remaining 867 acres being scattered. Occupied sites 
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range in size from 4 of an acre or less to 674 acres. The median site is 
small, being less than 4 of an acre in size. Of the approximately 1,600 
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Fic. 2.—Existing manufacturing in the Cincinnati area is largely within the, above 
18 study districts. 


manufacturing establishments, only some 20 are on sites of more than 25 
acres, and only 85 establishments have sites ranging from 5 to 25 acres. 
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POTENTIAL SITES AND ACREAGE 


The inventory of potential industrial acreage included only sites of at 
least 4 an acre in size which were characterized by reasonably level topogra- 
phy, which were not more than 4 mile removed from access to railroads and 
highways, and which had reasonable access to other services and labor. 
The sites were surveyed with respect only to physical and accessibility 
characteristics—such factors as price and divided ownership were not taken 
into account in determining availability. Certain large usable tracts some- 
what distant from the present urban development—such as those in the 
Great Miami Valley—were not included. 

The survey reveals a total of 10,876 acres of land with the above charac- 
teristics in the metropolitan area.* Some of this acreage is physically avail- 
able now, and some requires extensive measures to make it usable. A total 
of 6,849 acres of land distributed over 190 potential sites is physically 
available for future manufacturing use in the metropolitan area in that this 
land is at present vacant or in open uses, is not attached to existing plant 
properties, and does not need major grading, filling, clearance or flood pro- 
tection measures. A total of 4,027 acres in some 395 sites are in need of 
major conditioning such as grading, flood protection, or slum clearance to 
make them physically available for industrial use. In addition to these two 
classes of land (totaling 10,876 acres), there are (a) 854 acres of unused 
land on present sites of existing industries, and (b) an undetermined 
acreage in small sites of less than one-half acre in size. 

The distribution by site sizes of the open acreage immediately suitable 
for manufacturing use is particularly significant. In terms of the major 
political subdivisions of the area, the greater part of this acreage is located 
in the Ohio portions of the area and largely outside Cincinnati city (Table 
II). Of the total acreage in open usable sites, only 755 acres are within 
Cincinnati proper. 

TABLE II 


LocaTION oF PoTENTIAL INDUSTRIAL LAND REQuIRING No Major 
CoNnDITIONING 


Remainder of Hamilton County ............ 5,292 acres 
Kenton and Campbell counties .............. 802 acres 


3 Studies of land requirements for other types of urban use may, of course, reveal 
that some of this land, while it appears to be suitable for industry, should, in fact, be 
reserved for other purposes. 

‘The potential acreage requiring major measures to make it usable for industry 
(4,027) is distributed as follows: Cincinnati City, 1,398; Remainder of Hamilton 
County, 2,324; and Kenton and Campbell Counties, Ky., 305. 
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The 6,849 acres of immediately usable potential industrial land is dis- 

tributed over 190 sites. These sites are shown by various size groups in 

— Table III. Most of these sites can, of course, be broken up into numerous 
smaller sites. 


TABLE III 
Srre Sizes oF PorentiaL INpustRIAL LAND REguiriInG No Major CONDITIONING 
Remainder Kenton and 
Size of site Cincinnati Hamilton Campbell counties, 
County Ky. 
84 11 24 
6 3 0 
Se to 100 actes ........... 3 8 
100 acres and over ....... 17 
111 49 30 


Because there has been some question concerning the availability and 
distribution of larger sites in the Cincinnati area, special attention was given 
to the findings of the survey on this score (Fig. 3). With respect to potential 
land requiring no major prior preparation for use, there are 71 tracts of 
land of 5 acres or more in size. As in most urban areas, however, the size 
and number of the larger sites increases with the distance from the center 
of the city. The distribution pattern reveals no immediately usable large 
sites within 3 miles of Cincinnati’s central business district. Although there 
is a sprinkling of suitable sites within the city, most of the very large tracts 
2S of land are outside the present industrial districts and are in the Upper Mill 
ee Creek and Little Miami Valley areas. 
ing Several of the in-town sites shown in Figure 3 as requiring major 
conditioning presuppose urban redevelopment legislation permitting the con- 
version of present uses—mostly residential slums—to industrial purposes. 


REQUIREMENTS FOR LAND 


The second major step in the approach was the determination of the 
approximate magnitude of future land requirements for manufacturing in 
order to determine the adequacy of the amount of land suitable for industrial 
use. It is impossible to predict precisely what future demand will be, inas- 
much as this demand depends on many variable factors not the least of which 
is the area’s policy toward creating a favorable economic climate for in- 
dustrial growth in competition with other cities. 

The question of future land requirements was considered from several 
points of view: (1) trend over the last 10-year period, (2) future require- 
ments of existing and new establishments as indicated by population and 
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employment trends, (3) appropriate allowances for the additional land 
required by modernization of existing plant facilities and lay-outs, and (4) 
the requirement resulting from the displacements occasioned by proposed 
improvement projects. 


TREND IN INDUSTRIAL LAND USE 


Data on the trend in the occupance of land by industry during the 10- 
year period, 1935-1944, were collected from the records of all local govern- 
ments having jurisdiction over building in the Cincinnati area and were 
supplemented by data on war-time construction from the War Production 
Board. It was found that a total of 866 separate permits involving 86 
million dollars of construction were issued over the period. Four-fifths of 
this total was for new buildings, and one-fifth for extensions and alterations. 
Over nine-tenths of the total construction took place during the latter half, 
the war-time phase, of the 10-year period. 

The building permit data were transplanted into their land equivalents 
through use of tax assessment files, existing land use maps, and field checks 
(Table IV). Over the 10-year period, it was estimated that a total of about 


TABLE IV 
New Inpustr1aL LAND REQUIREMENTS, 1935-1944, CINCINNATI AREA 


Number of sites 


Type of construction Acreage used 


New plants on new sites ........... 593 
Expansion on existing sites ........ 166 213 


* Unduplicated total. 


760 acres of land were called into active industrial use.5 


FUTURE INDUSTRIAL DEVELOPMENT 


With reference to the growth of industry in the area over the next 25 
years, the results of other independent studies were reviewed in order to 
determine a reasonable range of assumption for the future (Fig. 4). These 
studies dealing with the future growth of population and industry indicated 
a future level of manufacturing activity ranging from 10 to 50 per cent above 
1940.° Significantly, all the available estimates for the future were con- 
siderably short of the level of manufacturing activity actually attained in 

5 It is noteworthy that 247 acres of this total is accounted for by a single war plant. 

6 Preliminary population and economic base studies of the Cincinnati City Planning 
Commission and unpublished survey of the Cincinnati Committee for Economic 
Development. 
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POPULATION GROWTH TRENDS 
OHIO AND CINCINNATI METROPOLITAN UNITS 
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Fic. 4.—Future population projections (from study for Cincinnati City Planning 
Commission by Warren S. Thompson, Scripps Foundation for Research in Population 
Problems). 
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1943, the peak war year. During that year manufacturing employment 
was 170 per cent of that in 1940. Thus the existing pattern of industrial 
land use had already supported a higher level of activity than is anticipated 
for the future.’ 


MODERNIZATION REQUIREMENTS 


The unmistakable trend toward more modern facilities and lay-outs, 
exemplified by single story structures with parking spaces for employees, is 
another factor of considerable importance in estimating future require- 
ments. This is particularly important in the Cincinnati area where much of 
the industry is old and operates in obsolete, multi-story structures located 
on original sites blocked from expansion by surrounding development. 

To assess the possible importance of this factor in future land require- 
ments, the number of employees per acre in some of the more modern es- 
tablishments was calculated in order to arrive at a reasonable general 
standard. This standard, set rather arbitrarily at 30 employees per acre, 
was then applied to the employment in the six industrial districts which, in 
general, had a higher density than the standard. The application of the 
standard in these districts indicated a future land requirement almost three 
times as great as the present acreage in use in these districts (Table V). 


TABLE V 


ADDITIONAL INDUSTRIAL LAND REQUIREMENTS FOR MODERNIZATION UNDER ASSUMED 
STANDARD OF 30 EMPLOYEES PER ACRE 


penn Present Requirement Net 

acreage under standard increase 
Total, 6 districts... 753 2,140 1,367 
602 


Total, excluding downtown .... 643 12s 


facturing employment per unit of land is exceptionally high. In view of the 
fact that high land costs and location in this district will seemingly always 
dictate a high density, multiple-floor type of manufacturing operation, it 
was though more realistic to exclude the downtown district from con- 
sideration. Under this exclusion, the net additional acreage called for by 
the assumed standard for modernization was estimated to be about 600 acres. 


OFFSETS TO PROPOSED PUBLIC IMPROVEMENTS 


Another factor affecting future requirements for industrial land is the 
requirements of factories that may be displaced from their present sites by 
7 It should be noted, of course, that this has been done through extensive use of such 


devices as double and triple shifts, war-time measures which will not carry-over on 
any like scale into the peace period. 
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proposed public improvements such as expressways (Fig. 5) and area re- 
development projects. In the Cincinnati area, this factor was found to be 
of relatively little importance—an allowance of 75 to 100 acres being deemed 
more than sufficient. 

SUM MARY REQUIREMENTS 


In light of all these considerations, it was finally concluded that the land 
demands of new and existing industries over the next 25 years will be 
within the magnitude of 1,000 acres. As against this magnitude of re- 
quirements is the availability of 6,849 acres immediately suitable for in- 
dustrial use in the metropolitan area, of which only 755 acres, however, are 
within Cincinnati proper. 

There are several good reasons, however, why more land should be re- 
served for industrial use than probably will be required. A principal reason 
is the varying requirements and policies of different types of industry and 
of different establishments within the same industrial type. It is obviously 
impossible to predict and anticipate these requirements with such precision 
that the exact land requirements of these establishments can be set aside. 
To permit various concerns to find sites best suited to their particular oper- 
ations and policies means reserving at all times a variety of sizes in a 
variety of locations. Preserving this range of choice means reserving more 
industrial land than will ever be required. Another reason for reserving 
more land for industry than will probably be required is that this action is 
less apt to create an artificial contraction of the supply of industrial land 
with attendant price rises which might discourage either the location of 
new industry or the modernization plans of existing industry. Holding 
suitable land for possible future industrial use can presumably be done by 
the adoption of zoning provisions which permit only open uses such as 
agriculture on this land. Present zoning ordinances, where they exist in the 
area, permit residential and other developments on land zoned for industrial 
purposes. A more positive method of assuring availability of land for 
potential industrial use is the direct acquisition of the land for that purpose. 

No decision has been made, as yet, in the Cincinnati area as to exactly 
how much land should be reserved for industrial uses or how it shall be 
accomplished. Most of the land suitable for manufacturing is likewise 
appropriate for future commercial uses such as warehousing and storage, 
and these requirements as well as the land needs for other purposes are still 
under study. 
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The Broadleaf Deciduous Forests of the 
Pacific Northwest 
A. W. KUCHLER* 


THE PROBLEM 


The coastal regions of the Pacific Northwest of the United States have 
a marine west-coast climate, which in other parts of the world is associated 
with broadleaf forests of the middle latitudes. In the Pacific Northwest 
such forests are so limited in extent as well as in the number of species as 
to be negligible. Estimates indicate that in the area west of the Cascade 
crest the proportion of the broadleaf trees on a numerical basis amounts to 
only 6 per cent of the entire forest. When broadleaf trees are compared 
with conifers on the basis of timber volume, their proportion sinks to utter 
insignificance ; the estimated proportion being only 1: 1000." The following 
is an enquiry into this absence of a forest type which under similar conditions 
elsewhere seems to represent the climax association. 


INTRODUCTION 


The area under consideration will hereafter, as a matter of convenience, 
be referred to as the Northwest. It corresponds approximately to the North- 
western Hygrophytic Evergreen Forest region of Livingston and Shreve,” 
and is bounded on the west by the Pacific Ocean, on the north by the inter- 
national border between Washington and British Columbia, on the east 
by the crest of the Cascade Range, and on the south by the Klamath 
Mountains. There is little question about the eastern and western limits of 
the region ; the northern and southern boundaries are admittedly arbitrary. 
But, although certain of the floral characteristics described reach into 
British Columbia and into California, it is in the Northwest that conditions 
best permit a broadleaf deciduous forest. This discussion is limited to the 
lower elevations except where higher altitudes are specifically included. 

The Northwest has long been famous for its magnificent coniferous for- 
ests. All chorologic aspects seem to have combined their forces to produce 


* Dr. Kuchler is Assistant Professor of Geography at the University of Rochester, 
N. Y. This paper is published under the sponsorship of Dr. Forrest Shreve. 

 Leiberg, John B.: in Twenty-first Annual Report of the U. S. Geol. Survey, 1899- 
1900, Part V, Forest Resources, p. 235. 

2 Livingston, Burton E. and Forrest Shreve: The Distribution of Vegetation in the 
United States, as Related to Climatic Conditions. Carnegie Inst. Wash., Pub. No. 284, 
1921. 
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forests and individual trees of a splendor, the like of which is rarely found 
elsewhere. These forests have been the object of many studies, but it does 
not seem to have occurred to writers on this subject that logically this area 
should be occupied by broadleaved trees and not by coniferous trees. A 
comparison with other regions of similar climatic characteristics reveals that 
in its vegetation the Northwest is unique. Asa Gray* compared the floral 
lists of the Northwest with those of Japan and the eastern part of the United 
States and noted the relative poverty of species in the Northwest. However, 
he compared the Northwest with regions of different climate which greatly 
complicates all aspects involved. 

There appears to be no obvious explanation for this uniqueness. It is 
most unlikely that chance should have played a dominant part in bringing 
about the present forests of the Northwest. The orderly development of 
vegetation all over the globe is too evident and too well known to permit the 
acceptance of chance as the only actor in this drama. That there must have 
been several other factors sharing the responsibility seems logical. These 
factors will be discussed. 

PRESENT CONDITIONS 

Geographers consider the natural vegetation of an area to be one which 
man has never disturbed. The Germans speak of Urlandschaft and are 
satisfied with the above-mentioned condition. It is not certain whether an 
area would return to the state of Urlandschaft after having been associated 
with man, but some seem to think so if enough time is granted. Yet, this 
Urlandschaft is elusive. There are many areas on all continents where it is 
almost impossible to decide what the natural vegetation would be like today 
if man had never entered the scene. This is due to the fact that changes are 
in progress without interruption. Vegetation types have been taken for a 
climax because they happened to be relatively untouched when first ob- 
served by white settlers and travelers. Once it is established, however, that 
the vegetation is in transition, it becomes impossible to forecast the climax. 
There is no reason to believe that whatever type is on the ascendency is 
heading for the climax, because all predecessors were at one time on the road 
to dominance, only to be replaced by their successors. These changes can 
go on at high speed, geologically speaking, so that limited periods may wit- 
ness profound changes. Such rapidity may seem unexpected, but can be 
demonstrated. It should not, however, be inferred that all vegetational 
changes proceed at the same rate. Transformations can be established 
which are so slow in their rate of change as to be almost stationary over very 
long periods. 


The Amer. Journ, of Science 


8’ Gray, Asa: “Forest Geography and Archaeology.’ 
and Arts, 3rd series, vol. XVI, No. 93, pp. 183, 184. 
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The Northwest is one of the areas where the changes are more rapid, 
and to establish an Urlandschaft type of vegetation is therefore difficult. In 
fact, it is almost useless as none of the stages of the past, one may choose as 
the natural vegetation, is likely to coincide with the conditions that would 
prevail today if no man had ever set foot on the mossy forest floor of the 
Northwest. Modern natural conditions can therefore best be arrived at by 
observing conditions and trends during the 19th and the 20th centuries. 
Whether these observations are adequate to form a fair opinion of the 
vegetational conditions that might prevail today if undisturbed is not certain. 

The natural vegetation of the Northwest has lost most of its hardwood 
forest because the deciduous trees preferred land suitable to agriculture. In 
places less adapted to farming, and where reforestation was encouraged, fast 
growing Douglas firs were given preference over other species. The broad- 
leaved forests that now remain are nothing but relics from a less turbulent 
past. Yet there are enough remnants to reconstruct approximately the con- 
ditions that might prevail today without white settlers. , 

The Forest Type Maps* show two divisions of “non-forested land,” 
three divisions of “non-commercial forest types” and 22 divisions entitled 
“timberland types.” All forest types shown on these maps consist of conifer- 
ous trees with the exception of two which are defined as follows: Type I:* 
HARDWOODS—ALDER, ASH, MAPLE. Forests in which alder, ash, maple, 
cottonwood, or myrtle predominate, of any size and age class. Type II: 
HARDWOODS—OAK, MADRONE. Forests composed approximately of 60 per 
cent or more of any species of oak (incl. tan oak) or madrone, or any 
combination of them, of any size class. 

Type I occurs in Washington only below the 1000 ft. contour, preferring 
floodplains, stream banks and areas now mostly devoted to agriculture. It 
is also relatively frequent along the shores of many Puget Sound islands. 
Much farmland throughout the Puget Sound—Willamette trough so closely 
resembles in character the type of land now occupied by deciduous trees that 
one is led to the conclusion that much of it must have been covered with 
hardwoods in a not too distant past. Observations of early white settlers 
bear out this conclusion. In northwestern Oregon a larger area of broadleaf 
trees occurs just south of Tillamook at an altitude below 1000 ft. except near 
its eastern margin where slightly higher elevations are reached. Another 
stand of Type I hardwoods, about 32 miles south of Tillamook remains en- 
tirely below the 1000 ft. contour. There is another large occurrence of 


Type I around Toledo, also below 1000 ft. Farther south, but still north 


* Forest Type Maps: U. S. Dept. Agr., Forest Service, Pacific Northwest Forest 
Experiment Station, Portland, Oregon, 1936. 

*Forest Types I and II as discussed in this paper appear as Types 21 and 22 
respectively on the Forest Type Maps of the Pacific Northwest. 
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of the 44th parallel, there are many sprinklings of which a few extend up 
the stream valleys to altitudes just above 1000 ft. Other groups of this type 
occur east of Corvallis and along the Columbia River at elevations not much 
above sea level. Type I is absent from southwestern Oregon with one small 
exception near the coast, which stretches up the valleys to altitudes of 
1000 it. in a few instances. 

Type II does not now occur in northwestern Washington, but in the 
plains south of Puget Sound there are scattered groups of small size. It is 
not much more frequent in northwestern Oregon; the largest area is to be 
found just outside the Northwest, southwest of The Dalles. Type II reaches 
its greatest development in southwestern Oregon. Large groups of this 
forest are scattered all around Roseburg. Most of these groups remain be- 
low 1000 ft. elevation, but as they cover some of the interfluves too, slightly 
higher altitudes are reached. There are large occurrences of Type II around 
Medford and again in the extreme southwest of the state. All these forests 
are above 1000 ft., but they never cross the 2000 ft. contour. Type IT avoids 
the coastal lowlands, seeking slightly higher altitudes as the latitude de- 
creases. One can broadly generalize that deciduous forests in the North- 
west prefer lowlands. Type I seems more frequent in the northern section 
whereas Type II clearly shows a greater extent in the south. 

What applies to the forest type, cannot always be extended to the species 
which compose the forests. The distribution of species often varies con- 
siderably from that of the forest type of which it is a member, as evidenced 
by Sudworth’s observations.’ Individual specimens are frequently found 
far from the small hardwood forests. They seem scattered throughout the 
Northwest and even reach altitudes well above the plains. The only broad- 
leaf forest trees are: 


Acer macrophyllum* big leaf maple 


Alnus rubra red alder 

Arbutus menziesi (evergreen ) madrone 

Betula papyrifera var. occidentalis} birch, western paper birch 
Castanopsis chrysophylla (evergreen) — giant chinquapin 

Cornus nuttalli dogwood 

Fraxinus oregona Oregon ash 

Lithocarpus densiflora tan oak (tanbark oak ) 
Populus tremuloides quaking aspen 

Populus trichocarpa cottonwood 


5 Sudworth, George B.: Forest Trees of the Pacific Slope. Washington, D. C., 
1908, pp. 219-4206. 
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Quercus chrysolepis (evergreen) canyon oak 

Quercus garryana Oregon oak, white oak 

Quercus kelloggit California black oak 

Salix lasiandra yellow willow, black willow 

Umbellularia californica (evergreen) California laurel, bay tree, 
Oregon myrtle 


There are numerous broadleaf species which grow to considerable height 
in the forest but remain shrubs where an abundance of light is available; 
such species have not been included in the above list. Of those listed only 
very few are adapted to forest life in the Northwest. Those with daggers 
reach in from north and south and soon find their limit. Lithocarpus densi- 
flora reaches as far north as the Umpqua River, that is farther north than 
all others with double daggers. Castanopsis chrysophylla is common in 
higher altitudes, though individuals have occasionally been observed near 
Port Orford and other low elevations. Both Populus species are very 
intolerant of shade throughout their life cycle which ‘practically eliminates 
them as forest trees; their seedlings cannot survive in dense shade. Salix 
lasiandra is limited to stream banks or at least to very moist areas. Cornus 
nuttalli is listed as a tree but often shows strong tendencies toward shrub- 
form. Only five broadleaf species remain to be classified as forest trees 
adapted to lowland conditions in the Northwest. They occur in various 
combinations as pure stands of deciduous forests or frequently mixed with 
coniferous trees. As deciduous forests they usually occur in such combina- 
tions as are typical for Type I or Type II of the Forest Type Maps. Acer 
macrophyllum, the dominant tree of Type I, and Quercus garryana, the 
major tree of Type II, do not generally grow together; Acer is usually 
accompanied by Alnus and Fraxinus, while Arbutus is more tolerant of its 
environment. Arbutus endures dense shade which permits it a wide range. 
Type I has higher moisture requirements than Type II but the soil tolerance 
of both types is great. Usually, humus soils carry the finest individuals, 
but gravelly and even rocky soils are not at all avoided. This soil tolerance 
is an indication of the good adaptation of the named species to their climatic 
environment. The occurrence of a greater variety of species in the southern 
boundary areas simply shows that a change in conditions is taking place, 
and that the environment is no longer the same as in the more typical 
Northwest. 

~ * All botanical names in this paper are as given by Howard E. McMinn: An 
Illustrated Manual of Pacific Coast Trees. 2nd edit., Univ. Calif. Press, Berkeley, 
Calif., 1937. 

+ Occurs only in northernmost section of Northwest. 
+ Occurs only in southernmost section of Northwest. 
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The soil tolerance of the major broadleaf forest trees leaves the climate 
as the most important environmental factor. The climate of the North- 
west is classified as Cfb by Koppen,* and as marine west-coast climate 
by Trewartha.* The latter does not take into account the relatively low 
summer precipitation and takes the stand that there is in the Northwest 
not a dry season but a summer minimum of rainfall. Ackerman,® in his 
refinement of Koppen’s map replaces the f in Cfb by two letters: sm. The 
“s” is to indicate the precipitation minimum in the summer, but he shares 
Trewartha’s point of view and feels the need for adding the “m” to show 
that, in general, rainfall is abundant. Church® summarizes the climate of the 
Northwest as follows: “The essential features are a small annual range of 
temperature for the latitude, an abundant precipitation, most of which comes 
during the rather mild winter, a relatively cool summer, a long frost-free 
season, and wind from off the ocean nearly all the year.” The most im- 
portant factors producing local differences are distance from the sea, the 
directness of exposure to sea winds, and altitude above sea level. As the 
Coast Range and the Cascades follow a north-south direction, parallel to the 
coast, a mild rain shadow effect can be observed to the east of the Coast 
Range. The Willamette-Puget Sound trough is therefore somewhat drier 
than the plains facing upon the open sea. The relative dryness in the 
Willamette—-Puget Sound trough renders the temperature conditions there 
slightly more continental. The effect of altitude is to lower the temperature 
and to increase the precipitation. Conditions in high altitudes are beyond 
the scope of this paper. In spite of these local differences the climatic con- 
ditions are remarkably uniform throughout the Northwest and are ade- 
quately described by Church’s summary. Attention should, however, be 
drawn to the relatively low rainfall in the Rogue River basin around Med- 
ford, where irrigation is resorted to in order to avoid poor crops. There 
are some very small irrigated areas near Salem, Oregon, and south of 
Dungeness, Washington ; their distribution emphasizes the uniformity of the 
climatic conditions in their north-south extent. 

Together with climate and soil, the biotic factors exercise the most pro- 
found influence on any individual or group of individuals in the forest com- 
munity. The broadleaf trees are very much in the minority, and the 
struggle for survival seems almost hopeless in the face of such overwhelming 
numbers of competitors. It is well known by now that the biotic environ- 

6 Képpen, Wladimir: Grundriss der Klimakunde. Berlin, 1931. 
an Trewartha, Glenn T.: An Introduction to Weather and Climate. New York, 

8 Ackerman, Edward A.: “The Képpen Classification of Climates in North Amer- 
ica.” Geogr. Rev., 31, 1941, pp. 107, 108. 


; ® Church, Phil E.: “Climates of the Pacific Northwest.” In The Pacific Northwest, 
edit. by O. W. Freeman and H. H. Martin, New York, 1942, p. 105. 
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ment of a forest tree consists of far more than other trees its branches may 
happen to touch. From these tall neighbors down to microscopic organisms 
of both plant and animal kingdoms, there are untold hosts of individuals 
that help and hinder the development of every member of the forest com- 
munity. As everywhere, the relations between all life forms are so intimate, 
so subtle and so complex that it is not now possible to formulate and to 
evaluate every influence which radiates from every organism. It is there- 
fore at this time quite impossible to attribute an effect to any one cause. 
However, certain trends and changes indicate that a balance has not yet 
been struck, or in other words, that the lowland forests of the Northwest 
do not represent a climax. Furthermore, each species has qualities which 
seem in part to account for that species’ growing or shrinking areal extent. 
In the Northwest coniferous trees form the bulk of the biotic environment 
of the broadleaf trees. In the light of the above, no attempt is made to 
evaluate the effect of the conifers on the hardwoods. It is quite obvious 
that all other biotic factors also contribute to an explanation of present con- 
ditions in the forests of the Northwest, and our ignorance of the existing 
relations within a forest is felt keenly. It will nevertheless be useful to 
remember certain observations. 

The vast majority of trees in the Northwest are of the coniferous type 
and seem to find here more congenial living conditions than almost any- 
where on the globe, if one is permitted to judge by the appearance of the 
forest and the individuals of which it consists. The forest is however not 
uniform, and, more important, it is not stabilized. The struggle among 
the species is not settled and some must still give way to others. The most 
widespread tree is Pseudotsuga douglasi, the Douglas fir, which alone is 
perhaps more than any other species responsible for the fame that the 
forests of the Northwest have attained. Although in size and number the 
Douglas fir dominates all other forest trees, and although its splendor 
would indicate that it should be the climax tree, it has characteristics which 
make it very vulnerable. Far more important than its restricted moisture 
tolerance is its intolerance of shade, especially when young. Wherever 
moisture permits, it is now being superseded by Tsuga heterophylla and 
Thuja plicata, both of which are able to grow up in dense shade.’° With- 
out interference, the magnificant and widespread Douglas fir forests will 
be reduced to isolated patches when the now young generation dies of old 
age. Thus the composition of many forests in the Northwest would be 
profoundly altered within a few centuries. The Douglas fir profits greatly 
from occasional forest fires. It quickly conquers the burnt-over areas, where 


the abundance of light permits it to grow up with remarkable speed and in 


10 Munger, Thornton T.: “The Cycle from Douglas Fir to Hemlock.” Ecology, 
vol. 21, No. 4, 1940. 
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great numbers. Jones"* estimates as many as 50,000 to 60,000 seedlings per 
acre, which then gradually thin out. Once established, it keeps out competi- 
tors for a considerable period of time, and only slowly can hemlocks and 
cedars permeate the thick stands of Douglas firs. But their success is as- 
sured, as no new growth of Douglas firs can spring up in the deep shade of 
the forest floor, a fact which explains the uniform age of the Douglas firs 
in any given forest area. Fires are comparatively rare, yet they seem to 
have been frequent enough to assist the Douglas fir materially in maintaining 
its threatened position. In this connection it is interesting to note 
Cockayne’s observation of fire as a natural agent, playing an important role 
in forest succession in New Zealand.’” 

Two other unrelated features may be noted here without immediate 
comment. The first one is the very restricted occurrence of Chamaecyparis 
lawsoniana in southwestern Oregon. Environmental conditions elsewhere 
in the Northwest appear to be identical, and the absence of the beautiful 
Port Orford cedar in all but the southwestern coastal regions is startling. 
The other feature is the occurrence of the so-called “Tacoma prairies,” 
which have been observed from the Willamette Valley to Vancouver Island. 
They are grasslands on the gravelly soil of outwash plains. The grassland 
is understood to be due to the porosity of the soil.’* It is nevertheless a 
known fact that oaks have long invaded these prairies and are in turn 
superseded by Douglas firs. Indians supposedly maintained these prairies 
with fire.’* 


CLIMATIC COMPARISON 


There are three other world areas with distinct marine west-coast 
climate. In the western hemisphere there is only the western slope of the 
southern Andes. In New Zealand the greatest similarity with the North- 
west is found in the western portion of South Island. Finally there is 
northwestern Europe where the marine west-coast climate reaches farther 
inland than anywhere else on the globe. These regions resemble one another 
especially in their temperature aspect (Table 1). The temperatures* *****7 


11 Jones, George Neville: A Botanical Survey of the Olympic Peninsula, Wash- 
ington. Univ. Wash. Pub. Biol., vol. 5, 1936, p. 32. 

12 Cockayne, L.: The Vegetation of New Zealand. Leipzig, 1928, p. 151. 

13 Piper, C. V.: Flora of the State of Washington. Contrib. to U. S. Nat. Herb., 
Washington, D. C., vol. XI, 1906, p. 42. 

14 Jones, G. N.: see footnote 11, p. 15. 

* All climatic data in this paper are compiled from the following sources: 

15 Kendrew, W. G.: The Climates of the Continents. Oxford, 1927. 

16 K6ppen, W., see footnote 6. 

17 Martonne, Emm. de: “La France.” Géographie Universelle, vol. VI, Paris, 1942. 
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are so similar in their annual course and their intensity that the four marine 
west-coast regions may be considered alike in this respect. The precipita- 
tion (Table I) shows the same parallels as temperature in its means of the 
months with the greatest and the smallest rainfall. The great divergence of 
the annual totals seems embarrassing but may be ignored, for the table 
reveals the unimportance for the forest of the annual total as long as the 
amount of precipitation during the driest month is high. The implication is 


TABLE I 


Station 


Tatoosh, Seattle, Portland, Nantes, Ancud, — 


Wash. Wash. Ore. Fran Ch. 
Temperature* 
Mean of minima ........ -5.0 -100 -100 -8.0 -10 -2.0 
Mean of coldest month .. 48 43 3.9 4.5 7.6 7a 
Annual mean ........... 9.1 10.6 11.3 112 0.7 1.7 
Mean of warmest month 18. 


Precipitation* 


Mean of driest month .... 5 2 1 4 8 20 
Mean of wettest month .. 37 16 20 8 28 29 
235 91 15 


* Note: temperatures in degrees centigrade ; precipitation in centimeters. 


that surplus water remains without effect, adequate drainage provided. 
Inasmuch as temperature and rainfall are alike and adequate in their 
amounts, the one outstanding aspect is the seasonal distribution of precipita- 
tion. Even here the differences are smaller than one might at first expect. 
All four areas have a summer minimum in common, as long as they remain 
under the immediate influence of the respective oceans to the west. Western 
Europe is the only region where the marine west-coast climate does not 
meet a high mountain barrier close to the shore, with the result that the 
summer minimum of rainfall gradually changes into a more continental 
summer maximum. The season with the highest precipitation near the 
coasts varies from autumn through winter to spring. From Bayonne to 
beyond Brest, western France has its heaviest rainfall in October and 
November with a very distinct summer minimum, due to the advance of 
the Azores anticyclone. In the British Isles the seasonal contrasts become 
less distinct. This corresponds well to the Northwest where contrasts also 
diminish from south to north. New Zealand is perhaps too small in extent 
to reveal such a development clearly, but it reappears in Chile where a more 
northerly location results in a more pronounced summer minimum. Of 
the four regions with marine west-coast climate, the Northwest has the 
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lowest precipitation minima. Months without rain do not generally occur, 
as Table I indicates, but the higher precipitation minima in the other regions 
are very notable. Throughout the four regions the rainfall is cyclonic but 
to this must be added an orographic effect for the southern hemisphere 
stations which explains their high minima. 


THE VEGETATION OF THE AREAS WITH A MARINE WEST-COAST CLIMATE 


A very brief summary of the relevant features of the vegetation in 
Southern Chile, the western part of South Island, New Zealand, and the 
western European littoral follows for the purpose of comparison with 
conditions in the Northwest. 

SOUTHERN CHILE:*'**-1® The forests consist largely of broadleaf trees. 
South of latitude 46° S. they are singularly monotonous, and entirely domi- 
nated by the two deciduous species of southern beech (Nothofagus pumilio 
and N. antarctica). The forest becomes more varied farther north and 
besides evergreen beeches (especially Nothofagus dombeyi and N. nitida), 
Weinmannia trichosperma, Drimys winteri, Beilschmiedia and many others 
become frequent; most of these are evergreen. Nothofagus dombeyi fre- 
quently appears in overwhelming numbers and completely outranks all 
other species combined in many areas. The forest is dense throughout and, 
especially from the Taitao Peninsula northward, is characterized by a 
thick undergrowth of lianas, epiphytes, shrubs and a profuse floor cover of 
mosses, ferns and other herbaceous plants. The dry eastern margin of the 
forest is characterized by a belt of varying width, consisting of almost pure 
stands of deciduous beeches. Deciduous beeches also form the upper 
timberline. Near the Rio Puelo, timberline is at an altitude of over 1400 m. 
In this latitude a tall evergreen beech forest climbs somewhat higher than 
1300 m. where it gives way to deciduous Nothofagus pumilio forests. It is 
of special interest to note that deciduous beeches are the most tolerant of all 
forest species of southern Chile, both in altitude (Nothofagus pumilio) and 
in drought resistance on the forest-steppe border of the east (NV. antarctica). 

Coniferous trees occur throughout the forests of southern Chile, but 
Libocedrus tetragona is the lone representative in the southern half of the 
area and occurs only sporadically, preferring swampy flood plains. From 
latitude 44° S. northward, the variety grows: Libocedrus chilensis appears 
and also Fitzroya patagonica. Not much farther north Podocarpus nubigena 
and Saxegothea conspicua become frequent, and at times even dominate the 


* Information concerning the vegetation of southern Chile is compiled from: 
18 Dusén, P. and F. W. Neger: “Chilenisch-Patagonische Charakterpflanzen.” In 
G. Karsten and H. Schenk: Vegetationsbilder, 6 Reihe, Heft 8, 1908. 

19 Steffen, Hans: Westpatagonien. Berlin, 1919. 
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landscape. The well-known Araucaria is more characteristic of the drier 
north and east and does not figure prominently in the forests of southern 
Chile. No observations on natural changes in the forest composition have 
come to my attention. 

NEW ZEALAND :*?*?! As in Chile, Nothofagus forms large and primitive 
forests, especially in areas with more adverse conditions as to soil, drought, 
and altitude. Nothofagus thrives under more favorable conditions, but here 
competition of other broadleaf species is often too keen. Two major forest 
types are recognized: the subtropical and the subantarctic type. In the 
latter Nothofagus is entirely dominant, but the two types are not so much 
separated by latitude as by general conditions, and by altitude, and merge 
gradually where they meet. The subantarctic type reaches as far north as 
the Thames district on North Island but shows its greatest development on 
South Island. It is largely composed of Nothofagus fusca, N. menziesii, N. 
cliffortioides, with N. truncata and N. solanderi frequent in the north. The 
subtropical type shows considerable similarity to the Chilean forests: a great 
variety of broadleaf species, a very dense undergrowth and a strong ad- 
mixture of conifers. As in Chile north of 44° S. latitude, the subtropical 
forests of New Zealand are composed largely of broadleaf evergreen trees, 
especially Beilschmiedia tawa, B. tarairi, Metrosideros robusta, M. lucida, 
Weinmannia racemosa, W. sylvicola, and many others. Coniferous trees 
abound in the subtropical forest. Again as in Chile, the best known conifer, 
the Kauri (Agathis australis) is largely limited to the north. Common 
conifers are Dacrydium cupressinum, Podocarpus totara (very frequent in 
low altitudes), P. hallit (usually at higher levels), P. spicatus, and smaller 
numbers of P. ferrugineus and P. dacrydioides. Pure stands of conifers 
occur but are rare. Mixed forests are the rule, with all variations from 
purely coniferous to purely broadleaf forests. All New Zealand conifers 
are intolerant of shade when young and live therefore under circumstances 
very much like those of the Douglas fir of the Northwest. Yet they are often 
so frequent as to dominate the forest. The broadleaf Beilschmiedia tawa 
is very shade-tolerant and quite the most formidable rival of all conifers in 
the subtropical forest. In fact, most of the extensive forests in which B. 
tawa now dominates have been shown to have evolved from largely conifer- 
ous forests. Weinmannia racemosa is one of the most common forest trees 
at all altitudes, with strong admixtures of Metrosideros robusta (in the 
north) and M. lucida (in the south). Forests of these broadleaf trees grow 


to within a few meters of the lower Franz Joseph Glacier (altitude 213 m). 


* Information concerning the vegetation of New Zealand is compiled from: 

26 Cockayne, L., see footnote 12. 

21 Cockayne, L., G. Simpson and J. Scott Thompson: The Vegetation of South 
Island, New Zealand. Jena, 1932. 
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Finally, an especially interesting statement concerning succession may be 
quoted here directly: “It is well known that, although the species of 
Nothofagus can grow under less favorable conditions than the tall podocarps 
(conifers), yet they thrive best with good soil and a moist climate ; in fact, 
there is nothing, so far as their ‘likes’ and ‘dislikes’ go, to hinder them from 
always growing in subtropical forests. But, where the latter is fully es- 
tablished, there is not light enough in its interior for any species of Notho- 
fagus to gain a footing. Once there, however, and if sufficient light is let 
into the forest, the Nothofagus is better able to take advantage of the 
situation than any other tall tree, thanks to its comparatively rapid growth 
and its light demanding nature. In mixed forests in the northwestern dis- 
trict, when a podocarp falls, seedlings of Nothofagus generally take posses- 
sion of the ground. If shade-tolerating saplings already occupy the soil, 
the Nothofagus can do little, so that progress toward replacement is slow 
enough. Nevertheless, it is not unreasonable to assume that in mixed forests 
generally Nothofagus has a good chance of being the climax. Certain forests 
show such change in progress. Indeed, such replacement by Nothofagus is 
no uncommon thing. This phenomenon depends on the rapid growth of a 
light-demanding tree, just as the Beilschmiedia tawa succession depends 
upon the shade-tolerating habit in the presence of slow-growing, light-de- 
manding podocarps. The same result—eventual dominance—is thus at- 
tained by species of opposite ecological properties and requirements.”?? 
FRANCE :*'?° If the forests of the marine west-coast climatic regions of 
the southern hemisphere contain a very large share of broadleaf evergreen 
trees, the European forest species correspond more closely to those of the 
Northwest in that the broadleaf trees are largely deciduous. There exists 
also a closer floristic relationship between the deciduous trees of western 
Europe and those of the Northwest. Of all western European regions 
France resembles the Northwest most with regard to climate. In that 
country the forests are essentially composed of such deciduous trees as beech 
and oak. Higher altitudes result in greater occurrence of spruce while very 
porous soils (as in the Landes) carry pine forests. Most lowland forests 
of the coniferous type are due to the efforts of the forest service, without 
which deciduous broadleaf trees would be almost the only important forest 
species. In the north and northeast of France, beeches dominate. If the 
development was similar to that in the neighboring districts of western 
Germany, this dominance was established by suppressing the oaks, the beech 
being more shade-tolerant than the oak. The grouping of vegetation types 


22 Cockayne, L., see footnote 12, p. 186. 
* Information concerning the vegetation of France is compiled from: 
28 Martonne, Emm. de, see footnote 17. 
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in France is not based on the distance from the Atlantic, as one might ex- 
pect, but much rather on latitude and altitude. This permits forest types 
which occur near the west coast to reach far inland, in fact, so far that they 
experience a considerable change of climate. The extremely mild oceanic 
type of the littoral with a summer minimum of precipitation changes into a 
more continental type with its rainfall minimum in winter, apparently with- 
out major effect on the forest type. The French forests clearly prove that 
the seasonal distribution of rainfall does not affect a forest as long as the 
driest month has an adequate precipitation. The regional variations of oak 
species are not of importance in this discussion as all species involved are 
deciduous. 

In comparing the areas with a marine west-coast climate with one 
another one can observe: 

1. The southern hemisphere regions have a relatively great proportion 
of coniferous trees in their northern sections, but these conifers are usually 
much in the minority. In western France coniferous trees are largely 
absent in the natural vegetation except for pines on sandy soils; in the 
Northwest they completely dominate. 

2. In New Zealand the conifers are being superseded by broadleaf trees, 
while in France one broadleaf genus possibly supplanted another. In the 
Northwest coniferous genera replace one another. 

3. A close floristic relationship exists among the trees of Chile and New 
Zealand. The same applies to France and the Northwest. The relationship 
between the northern and the southern hemisphere regions is more distant. 

4. Almost all broadleaf trees of western France and the Northwest are 
deciduous; in the southern hemisphere areas the proportion of broadleaf 
evergreen species is very high. 

5. In Chile and in New Zealand deciduous beeches advance to timberline 
in high altitudes and to the border of dry steppe areas. In France and the 
Northwest high altitudes imply coniferous trees. However, dry steppe 
areas are occasionally bordered by deciduous oaks. 

6. In Chile and in New Zealand broadleaf trees approach glaciers. They 
never do in the Northwest or in France. 

7. The contrast between the northern and the southern hemisphere re- 
gions is greater than the contrast between the regions of the Old World 
and those of the New World. 

While a comparison of conditions in the Northwest with other areas of 
similar climatic characteristics focuses attention on certain existing features, 
it is no less revealing to study present day circumstances in the light of the 
past and follow the historical development through periods of considerable 
change. There is no need to go farther back in history than the Tertiary 
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age, an era during which the flora of the Northwest was remarkably similar 
to that of eastern North America, western and central Europe, and large 
sections of East Asia. The entire Tertiary period is characterized by a 
steady change in climatic conditions. During the Eocene tropical or at 
least subtropical conditions prevailed in the Northwest™ after which the 
climate slowly cooled until the period of glaciation marked the extreme. 
This point was, however, not reached until the Pleistocene, so that the cli- 
matic deterioration was slow and the vegetation had ample time to migrate 
as a whole or in single species, to be replaced in turn by others of a hardier 
nature. For the purpose of this paper it is most interesting that the vege- 
tation which followed the tropical—subtropical type, coincides considerably 
in genera and even in species with the modern vegetation of eastern North 
America.?*?® The closeness of this similarity led to the conclusion that 
climatic conditions in the Northwest during the Miocene must have been 
like the present climate of New York, Pennsylvania, Ohio, and southern 
Michigan.”*> Such “eastern” trees as basswood, beech, chestnut, hickory, 
elm and hornbeam were common in the Northwest at that time. They are 
now absent. The same applies to katsura, maidenhair tree, tree of heaven, 
water chestnut and zelkoua, which are now limited to the Orient.?” In 
contrast to the modern oriental and especially Japanese wealth of species in 
gymnosperms this group was not at all abundant in the Northwest. Only 
five (!) species have been recorded, and of these one was Gingko adiantoides, 
a broadleaf tree; one species is doubtful; of another the only record in the 
entire region is a single cone; and one species each of Sequoia and Cephalo- 
taxus have been described for very limited areas.”* During the late Tertiary, 
conifers gradually filtered in, coming from the north. They began at that 
time to form the forest types that have been so characteristic of the North- 
west ever since.”® 

Information on the glacial period itself is inadequate. It is not clear to 
what elevation the ice descended, nor are the observations in different areas 
well correlated in time. However, it seems established that all higher alti- 
tudes were buried under ice, while almost the entire lowland area of the 
Northwest remained ice-free. Only in the north, the ice-sheet extended 


24 Cain, Stanley A.: Foundations of Plant Geography. New York, 1944, p. 106. 
25 Chaney, Ralph W.: “Ancient Forests of Oregon.” In Cooperation in Research, 
Carnegie Inst. Wash., 1938, p. 637. 

26_______: “The Flora of the Eagle Creek Formation.” Univ. Chicago Press, 
1920, in Contrib. from Walker Mus., vol. II, No. 5, p. 132. 

27 Cain, Stanley A., see footnote 24, p. 107. 
28 Chaney, Ralph W., see footnote 26, p. 131. 
29 Cain, Stanley A., see footnote 24, p. 108. 
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into the lowlands and covered the Puget Sound area during the Vashon 
advance to an area about 14 miles south of Olympia.*® Glaciation occurred 
in the Olympic Mountains and the Klamath Mountains, but the Coast 
Range between these two sentinels seems to have escaped this calamity. It 
is also not fully established to what extent the Cascade Range was glaciated ; 
it appears that the ice-sheet on this range was not continuous. No adequate 
description of the flora and the distribution of vegetation in the Northwest 
during the period of glaciation has come to my attention. It seems logical 
that the ice must have caused considerable, if temporary, changes in the 
altitude of timberline, in the forest types and the regional extent of species. 

More evidence has been produced to throw light on the postglacial de- 
velopment of vegetation in the Northwest. The mass of detail suffers 
from the fact that it is entirely based on pollen analysis, which is too in- 
accurate to be acceptable as conclusive evidence. Nevertheless, while the 
details may often be questioned, the general trends that are revealed by a 
large number of such analyses are probably more reliable. Based on his 
wide experience in analyzing the pollen of bogs, Hansen* ** 5-58-5485 comes 
to the following conclusions. The pollen profile gives no clue as to the 
appearance and spread of broadleaved trees. In fluctuating amounts they 
seem to have been present from the beginning, showing neither increase nor 
decrease to any consistent extent. Their lack of variation in occurrence 
makes them poor indicators of forest succession. This observation does not, 
however, include oaks. Oaks occur where and when conditions are more 
xeric. It is therefore possible that a greater frequence of oaks indicates a 
drier period. This can, however, be said also of other species, such as 
lodgepole pine. 

The Northwest never had a boreal climate even during glaciation, due to 
the proximity of the ocean. This observation is based on the lack of evi- 
dence of a boreal flora in the deepest layers of the investigated bogs. Dif- 

30 Bretz, J. H.: “Glaciation of the Puget Sound Region.” Wash. Geol. Survey, 
Bull. 8: 1-244 & maps, Olympia, Wash., 1913. 

* The paragraphs on postglacial history of the vegetation of the Northwest have 
been compiled in their entirety from the following publications: 

31 Hansen, H. P.: “Postglacial Forest Succession and Climate in the Puget Sound 
Region.” Ecology, 19, 1938, pp. 528-541. 

32 : “Further Pollen Studies of Post Pleistocene Bogs in the Puget Low- 
land of Washington.” Bull. Torrey Botan. Club, 68: 133-148, 1941. 

33 : “Paleoecology of a Bog in the Spruce-Hemlock Climax of the Olympic 
Peninsula.” American Midland Naturalist, 25: 290-297, 1941. 

4 : “A Pollen Study of Lake Sediments in the Lower Willamette Valley 
of Western Oregon.” Bull. Torrey Botan. Club, 69, 1942, pp. 262 ff. 

35 and J. H. Mackin: “A Further Study of Interglacial Peat from 
Washington.” Bull. Torrey Botan. Club, 67: 131-142, 1940. 
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ferent climatic changes are indicated in different bogs and for the Puget 
Sound region the following five stages of postglacial forest succession are 
suggested : 

1. Pioneer stage of lodgepole pine, white pine and alder. 

2. Invasion of Douglas fir and some hemlock. 

3. Maximum development of Douglas fir. 

4. Decline of Douglas fir and beginning dominance of hemlock. 

5. Continued increased development of hemlock and entrance of western 
red cedar to form the hemlock-cedar climax formation. 

On the Tacoma Prairies this sequence is modified for the second and 
third stages: 

2. Douglas fir and oak. 

3. Large proportion of oak, grasses and composites.*® 

It has been observed repeatedly that all postglacial climatic changes in 
the Northwest have been slight and of minor significance in the question of 
succession. Hansen says: “The conclusion has been reached that the climate 
has not been the most important factor concerned with postglacial forest 
succession. Tolerance of shade, longevity, amount and frequency of seed 
production and age at initial seed production, retention of viability, ability of 
seed to survive fire, rate of growth, size, adaptability, susceptibility to 
disease, ability to withstand wind and fire, soil requirements, depth of root 
system are some of the characteristics that in their interplay and compromise 
with one another in the same and different species have largely influenced 
forest succession. Tolerance of shade, longevity, age at initial seed produc- 
tion and recovery after extensive fires are perhaps the most important.”*” 

Considerable instability in physiographic and edaphic conditions is also 
likely to have affected the forest succession. 

The successional relationship between Pseudotsuga douglasi and Quer- 
cus garryana is not clear, as the two species are often found growing to- 
gether. In the Willamette valley climatic and edaphic conditions seem such 
as to form a tension area in which Douglas fir and white oak are in an 
equilibrium at present. Wetter summers will probably result in changes 
first to Douglas fir and then to western hemlock, while a reduced precipita- 
tion is expected to lead to an increase in oaks. 

This brief description of the historical development leads to some relevant 
observations. 

1. The conclusions with regard to climates of the past are based on facts 
that apply today. It is assumed that species behaved uniformly through the 
period from the Miocene or before to the Recent. 


36 Hansen, H. P., see footnote 31, p. 541. 
87 Hansen, H. P., see footnote 32, p. 145. 
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2. The proportion of broadleaf trees seems not to have been affected 
appreciably by climatic variations in postglacial times. 

3. Drier conditions during the Recent seem to promote at least one 
broadleaf genus (Quercus) over needle trees. 

4. In the Northwest, the angiosperms were largely replaced by the 
gymnosperms, whereas they grow side by side in the Orient today. 


EVALUATION OF EVIDENCE 


The evidence compiled by comparative and historical studies reveals the 
complexity involved in the geographic distribution of vegetation types. 
Although Livingston and Shreve relate vegetation only to climate, their 
monumental work shows clearly that this factor alone is so manyfold, intri- 
cate and subtle in its effects as to render almost hopeless the task of clearly 
defining the relations between climates and plants. Should one not feel 
utterly discouraged by the proposition to investigate the presence or absence 
of a type of vegetation, which besides climate must consider edaphic and 
biotic factors as well, each of which is perhaps as complex as climate, and 
to which must be added a variegated history? It is our deep fascination for 
everything alive that makes us shun such difficulties; it is our kinship with 
everything animated that forever sustains our interest. It is our realization 
of the unity of Life of which we are an integral part that urges us on to seek 
and to search for the light of truth that is manifest in Life. In this spirit 
the approach to the problem of this paper becomes less of an arrogation and 
permits the admission that no matter how many facts support our theories, 
we are far from comprehending the real implications even of an apparently 
so simple question as: What happened to the hardwood forests of the 
Northwest ? 

New Zealand, southern Chile and western Europe demonstrate that a 
marine west-coast climate leads to a broadleaf forest, or at least makes the 
occurrence of such a forest likely. These countries show furthermore that 
these broadleaf forests tend to be largely deciduous as tropical conditions 
become less effective with increasing latitudes. On the basis of this broad 
comparison the Northwest should at least show dominance of broadleaf trees 
over conifers. The greater similarity of climatic conditions in the Northwest 
with those in France, and the closer relationship of the Northwest flora with 
the European flora should permit the further conclusion that such domi- 
nantly broadleaf trees of the Northwest’s forests should be deciduous. That 
the broadleaf trees are largely deciduous is a well-known fact, but not only 
do they not dominate the forests, they are so restricted as to be a rarity. 

The most significant climatic difference between the Northwest and the 
other marine west-coast climatic areas is the low summer minimum of pre- 
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cipitation. It is neither the temperature nor the rainfall of any other season. 
But these low minima cannot explain the lack of broadleaf trees. The 
hardiness of beeches against drought displayed in the southern hemisphere 
shows clearly that a lack of precipitation cannot explain the lack of deciduous 
trees. Especially beeches have been found able to overcome a shortage of 
water by storing water in a storage tissue of their leaves. Large fluctu- 
ations of atmospheric humidity and temperature, and disturbances of their 
water balance caused by continued strong winds have thus been met suc- 
cessfully.** Furthermore the driest parts of the rainy Northwest are the 
very areas where Quercus garryana and Arbutus menziesi dominate, and 
it is either the same oak or one very closely related that showed an increase 
in its share of the forest composition whenever drier conditions prevailed. 
At times, the oaks seem to have reached as much as 65 per cent of forests 
that are today almost entirely coniferous. That the actual percentage may 
have been even higher was indicated by the observation that oaks produce 
less pollen than Douglas firs*® with which they so often grow together. 
Hansen finds that while the Douglas fir has smaller moisture requirements 
than fir (Abies grandis) or spruce (Picea sitchensis), it is not so xeric as 
the oak (Quercus garryana). Even yellow pine (Pints ponderosa), he 
finds, is only “almost as xerophytic” as white oak.*° Deciduous forest trees 
have moisture requirements that are adequately met throughout the North- 
west, from the driest to the wettest sections. The deciduous forests of the 
Northwest might well be monotonous in composition, but the amount and 
distribution of precipitation do not appear to be an insurmountable barrier 
on the road to dominance. The beech, of course, is no longer present in the 
Northwest. What the forest physiognomy would be like if that genus had 
survived permits some delightful speculation. In Chile, New Zealand and 
western Europe, the beech has shown a very aggressive character, sup- 
ported by an extreme tolerance of shade. How powerful the competitive 
strength of the European beech (Fagus sylvatica) is, can be surmised by 
considering that the light requirements of the beech are only one half (4) 
of the light requirements of Picea excelsa, which is acceptedly one of the most 
shade-tolerant conifers. Could the presence of the beech in the Northwest 
lead to a struggle between conifers and broadleaf trees and the ultimate 
defeat of the former? An experiment on a sufficiently large scale may 
produce some very interesting results. 
38 Diels, L.: Vegetations-Biologie von Neuseeland. Quoted in A. F. W. Schimper: 
Pflanzengeographie auf physiologischer Grundlage, 3rd edit., Jena, 1935, p. 677. 

39 Hansen, H. P., see footnote 34, p. 272. 

40 Hansen, H. P., see footnote 34, p. 276. 

41 Walter, Heinrich: Einfiihrung in die Allgemeine Pflansengeographie Deutsch- 
lands. Jena, 1927, p. 104. 
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The comparison of the Northwest with other regions of the same 
climatic type reveals that the proportion of broadleaf trees in the forests of 
the Northwest might well be much higher than it is at present ; it does not 
ae afford an explanation for the actual conditions. The edaphic conditions in 
? the Northwest are likewise lacking a clue, at least for the time being. The 
soils are mapped in but a few areas, due to the mountainous character of 
the terrain. These unclassified “mountain soils” may be contrasted with 
oa the alluvial floodplains, but so far, this distinction has not been shown to 

rue have an appreciable effect on any species of the broadleaf type. The only 

. areas where the edaphon appears to have exercised a more far-reaching 
effect are the gravelly outwash plains of the “Tacoma prairies.” While 
the soils throughout the Northwest may be expected to show signs of 
leaching due to the heavy rainfall, a certain, and at times considerable, 
fertility cannot be denied. This richness is doubtless caused by the rapid 
weathering which sustains a steady supply of plant foods. The Tacoma 
prairies on the other hand have been described as infertile and even as 
sterile. Investigators‘? **** agree that the aspect of these prairies is arid 
or semi-arid. The soil consists mainly of fine water-worn gravel, the pebbles 
making up perhaps 50 per cent or more of the soil.** The soil contains 
little or no clay and provides efficient subdrainage. It is the rapid loss of 
water through this subdrainage that is responsible for any xeric conditions 
and not a lack of rainfall. As matter of fact, the precipitation on the largest 
prairies, south of Tacoma, is greater than at Seattle and ranks with the 
precipitation of the very wet cedar-hemlock forests.** It has been pointed 
out that Indians have deliberately maintained these prairies by annual fires. 
The implication is that without fires the praries would disappear. This is 
indeed generally observed, now that the fires have been suppressed. Char- 
acteristically, it is the light-demanding and drought-resisting oaks (Quercus 


garryana) that are the first and most successful invaders, forming groves, 
i and frequently accompanied by madrone (Arbutus menziesi). Their place 


‘J is at times contested by the equally light-demanding Douglas fir. Only 
rarely do yellow pine (Pinus ponderosa) and lodgepole pine (P. contorta) 
appear in small numbers, too, although they seem well adapted to resist the 
A dry conditions of these prairies. The encroachment upon the Tacoma 
" prairies by oaks and Douglas firs has a modifying effect on the xeric con- 


42 Jones, George Neville, see footnote 11, p. 35. 
43 Piper, C. V., see footnote 13, p. 22. 

44 Hansen, H. P., see footnote 31, p. 530. 

45 Piper, C. V., see footnote 13, p. 42. 

46 Hansen, H. P., see footnote 32, p. 136. 
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ditions so that the ultimate disappearance of the prairies seems assured and 
only a matter of time. In 1906, Piper made the following observation: “At 
the edges of the prairies, where the gravelly soil ceases, a dense forest of red 
fir (Douglas fir, Pseudotsuga douglasi) usually occupies the ground, the 
gravelly prairie soil serving as an almost perfect barrier to this tree. Ina 
few localities where the gravelly soil merges gradually into the ordinary 
loams or clays of the region, the black pine (lodgepole pine, P. contorta) 
disputes the ground with the red fir. Until the middle of July these prairies 
are carpeted with flowers. After this time they present a distinctly arid 
appearance.”*7 Now, less than half a century after Piper visited the 
prairies, the invasion of these by the forest has become a common occurrence. 
We have here a good example of the speed with which vegetational as- 
pects may change. The Tacoma prairies also emphasize the soil tolerance 
of oak, madrone and Douglas fir, giving one more indication that soils are 
not major barriers to the spread of broadleaf forests. 

The biotic relations within a forest present problems that are yet very 
far from a solution. But the advance of deciduous broadleaf forests into 
the coniferous forests of the upper Great Lakes region seems to indicate 
that whatever effect conifers may have on their environment, hardwood 
forests will advance into the coniferous forests as soon as conditions warrant 
their success. The species of both conifers and broadleaf trees are not the 
same in the upper Great Lakes region and in the Northwest, but it may be 
assumed that they influence one another according to the same principles, 
with the same or similar results. The extension of the broadleaf forests in 
the Northwest should therefore not be doomed because the environment into 
which they advance is now occupied by needle trees. However, until such 
an assumption has been tested and found to be correct in many cases, it may 
yet prove inapplicable to the Northwest. This much has been learned, per- 
haps, that generalizations as applied to biotic relations can only be made with 
caution and often have to be abandoned again. Our ignorance in the field 
of biotic relations, as for instance the influences of one species on another, 
is such as not to permit any clue to the problem of this paper. At the 
same time, future generations of investigators may find through a biotic 
approach the solutions that we seek in poorly understood climatic effects 
or in an incompletely known history. 

And yet, what has become known of this history is already enough to 
throw more than one ray of light into the darkness that surrounds our 
problem. There is the great period of glaciation, heralded through many 
milleniums by a steady decrease in temperature. It is important to view 
this climatic change together with the topography of the Northwest in order 


47 Piper, C. V., see footnote 13, p. 42. 
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to reap the greatest benefit from one’s inquiry. It is absolutely necessary 
that all considerations of the past be based on laws governing the universe 
today. Without this, all theories would be vain speculation, leading nowhere. 
It must therefore be assumed that in the past as in the present, mean tem- 
peratures decreased with increase in latitude as well as with increasing 
altitudes. If then the climate deteriorated, and noting that tall mountain 
ranges extend from north to south parallel to the coast, one must necessarily 
admit of the possibility that the deterioration of the higher altitudes in lower 
latitudes may have been more advanced than in low altitudes farther north. 
More specifically, the mountainous regions of the Shasta~Klamath area 
may have allowed their first glaciers to descend into the valleys at a time 
when the Willamette—Puget trough and the narrow coastal lowlands still 
enjoyed a climate in which a broadleaf deciduous forest could thrive. If 
that conclusion should prove correct, one can well see the disastrous con- 
sequences of a further deterioration of the climate: it would force the 
forest species to retreat, with all escape routes blocked. A westward migra- 
tion is barred by the ocean, in the north and east forbidding ice-sheets make 
a flight equally impossible. But the only and most obvious route, the one 
to California, has in the meantime become impassable, too. At the same 
time that the deterioration of the climate reached a stage which forced the 
more tender species out of the Northwest, the Klamath Mountains, ex- 
posed to heavy precipitation, must have sent their glaciers deeper down 
toward the coast, chilling the ice-free areas below the temperature minimum 
of numerous species, for example, the beech (Fagus). Thus the hardwood 
forest was trapped and all species that were unable to withstand the raw 
climate of the glaciation period perished. 

There is some question about the glaciation of the Klamath Mountains. 
Evidence of glaciers in the form of moraines, etc., is limited to higher areas. 
Hershey found evidence of only two glaciers in altitudes of 1000-1500 ft. ; 
all other known glaciers seem to have terminated at greater elevations.** *° 
It must, however, be borne in mind that the first prerequisite for glaciation 
is precipitation, and that logically the heaviest precipitation occurred on the 
western slopes, which must have been wet and overcast to a marked degree. 
The resulting glaciers may therefore have reached much farther down, 
perhaps to the sea, as they do even today in southern Chile in a latitude 
corresponding to that of the lower Columbia River. On the same basis the 


absence of moraines may be explained: the severe erosion that accompanies 


48 Hershey, Oscar H.: Ancient Alpine Glaciers of the Sierra Costa Mountains of 
California, Journ. Geol., 8: 42-57. 

*9 Holway, Ruliff S.: An Extension of the Known Area of the Pleistocene Glaci- 
ation to the Coast Ranges of California. Bull. Am. Geogr. Soc., vol. XLIII, 1911, No. 
3: 161-170. 


4 
wy, 
7 
: 
j 
4 
. 


1946] FOREST SPECIES AND GLACIAL CLIMATES 143 


and results from the heavy rainfall in the Klamath Mountains may well 
have destroyed the last evidences of the Pleistocene glaciation in lower 
altitudes.* 

At the same time the closely related European species avoid the proxim- 
ity of glaciers, and the broadleaved trees are separated there by a belt of 
conifers. The low descent of the ice in the Klamath region must have de- 
pressed the upper limit (“timberline”) of the broadleaf trees below sea level 
and thus prevented a migration into California. Is the altitudinal fluctu- 
ation of the life-zones the answer? The explanation is simple and would 
be acceptable if more were known about the glaciation of the Klamath 
Mountains and its chronological relation to advances of the ice elsewhere. 
Until then this solution may be viewed as a contributory possibility. 

Not all species escaped or died when glaciation reached its greatest in- 
tensity. The climate of the Northwest at that time must have been disagree- 
able, but for many species it was not fatal. The proximity of the ocean with 
dominantly on-shore winds must have resulted in a severe lack of sunshine 
and very cool summers, but the winter temperatures must have been equally 
marine in character. Whatever species could endure the low summer 
temperatures surely should have been able to survive the relatively mild 
winters. Yet the Pleistocene climate was sufficiently different from the 
Miocene climate to permit the conclusion that it may have affected some 
species physiologically, resulting in a reduced capacity for migration or the 
loss thereof. The restricted occurrence of the Port Orford cedar remains 
entirely baffling if only modern environmental aspects are taken into ac- 
count. There seems no reason whatever why this species should not expand 
its area, but the fact remains that it does not. Mason observes that certain 
species lived together in the Miocene that occur now widely separated in 
_ areas with different temperatures and moisture regimes. He considers an 
evolutionary change in the species the most logical answer.°® This admits 
changes of more than one kind and must include changes detrimental to 
the evolution of the species. Such a destructive change may have found 
expression in the loss of the capacity to migrate. But the applicability of 
this argument to all species is not established. With regard to the broad- 
leaf trees, Hansen’s observation is here of added interest: that the distribu- 
tion of the hardwoods has not changed appreciably since the period of 
glaciation (see above). Certainly the higher elevations have never been 
recovered by deciduous forests in the Northwest. There is an impressive 


* This view was shared by Prof. F. T. Thwaites of the University of Wisconsin in 


a conversation on June 18, 1945. 
50 Mason, H. L.: “The Principles of Geographic Distribution as Applied to Floral 
Analysis.” Madrojfio, 3: 181-190, 1936. 
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contrast in this respect between the Northwest and Europe where the beech 
forest in the Alps climbs to altitudes of 1300 m.** as compared with only 
350-500 m. in the Northwest. The peculiar areal stability of the broad- 
leaved forests may well be due to physiological characteristics of the species 
acquired during the Pleistocene. 

On the other hand, Good maintains that the rates of climatic change and 
evolutionary change are normally unlike, and substantiates this argument by 
his observation of plant migrations due to climatic fluctuations. He argues 
that no plant movement of any significant magnitude would occur if the rate 
of change in climate and in tolerance remains unchanged while the climate 
alters.°* In the Northwest a movement to other regions during the ap- 
proach of the most critical periods may have been impossible. The tolerance 
of the broadleaved species was therefore altered under duress, and they had 
to pay for their survival with their ability to migrate and spread even if 
conditions should once again favor such action. 

Recently, the whole field of plant distribution has been approached from 
a genetic point of view. Hultén appears to be the first one to apply these 
views on a large scale in his searching study of the Far North. Speaking 
of the very problems that concern us here, Hultén®* says: “A possible ex- 
planation is the following: Within a given species there is always a certain 
potential variation. Under the influence of a catastrophe such as the glacial 
period, when large parts of the area of the species in question are covered 
with ice and the rest is severely exposed to unfavorable conditions, a reduc- 
tion of this variability is inevitable, as all biotypes, being more sensitive to 
the hardships, are exterminated. ... A very strong reduction of the biotypes 
is bound to ensue and, parallel to it, a strong reduction of the potential 
variability and thereby also presumably of the spreading capacity.” Raup*™* 
strongly supports this theory without adding to it. Stebbins®® holds the 
same view but more cautiously. He elucidates Hultén’s genetic approach 
through the theory of genetic homogeneity and also explains the limited 
range of a species by its poverty in biotypes which implies that the species 
is not able to colonize aggressively. A few pages later he admits that “the 


51 Schimper, A. F. W.: Pflanzengeographie auf physiologischer Grundlage. 3rd 
edit., Jena, 1935, p. 1395. 

52 Good, R. D’O.: “A Theory of Plant Geography.” New Phytologist, vol. XXX, 
No. 3, 1931, pp. 162, 163. 

5% Hultén, Eric: Outline of the History of Arctic and Boreal Biota during the 
Quaternary Period. Stockholm, 1937, p. 22. 

54 Raup, Hugh M.: “Botanical Problems in Boreal America.” Botanical Review, 
vol. 7, 1941, pp. 147-248. 

55 Stebbins, G. Ledyard, Jr.: “A Genetic Approach to Problems of Rare and 
Endemic Species.” Madrofo, vol. 6, 1942, pp. 243 and 248. 
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theory of genetic homogeneity, however plausible it may seem, is neverthe- 
less only a working hypothesis, yet to be put to the acid test of experi- 
mentation.” Halliday and Brown* also adhere, though less critically, to 
Hultén’s methods and theories. 

So far, the considerations of climatic change have referred to the period 
of glaciation. It is assumed that during this period the temperatures were 
lower than they are today, or the annual precipitation was greater, or both. 
The investigators, cited above, who studied preglacial conditions in the 
Northwest are agreed that the climate of the Miocene corresponded closely 
to a humid climate with an evenly distributed rainfall, or perhaps even a 
summer maximum. This conclusion is based on the observation that many 
species then common in the Northwest now occur in eastern North America 
or in eastern Asia, where the rainfall is more or less concentrated in the 
warmer season. This is the opposite of the conditions now prevailing in 
the Northwest. This observation uncovers extremely complicated problems. 
Must it be assumed that the regions of the west coast and of the east coast 
and perhaps of eastern Asia and Great Britain all had the same climate? 
Such an hypothesis would be difficult to prove if continents and oceans were 
located to one another as they are today, which is generally assumed, and if 
the wind systems paralleled present wind belts. Theories concerning cli- 
matic changes on the basis of variations in the location of the poles or of 
the continents are too well known to be enumerated here, but wherever poles 
and continents may have been at one time, the fossil evidence remains that 
during the Miocene the floras of the Northwest, and sections of eastern 
Asia, eastern North America and western Europe were very similar, with 
many species identical. Neither the theory of continental drift, assuming it 
were accepted, nor the one of a shifting pole is of much significance to this 
paper. The former shows America sufficiently removed from Europe in the 
Miocene to permit broad oceanic beds on both sides of North America. 
Thus the climatic effects of the distribution of land and sea must have been 
similar to present conditions. A very narrow Atlantic, or perhaps no At- 
lantic at all, would make it all the more difficult to explain the presence of 
identical floras in the east and the west of North America. The change of 
the polar position does not usually include a different grouping of the 
continents in relation to one another. 

In as much as the distribution of land and water is of profound influ- 
ence on the climate of any area, and as the location of continents and oceans 
during the Miocene was similar to their present location, it follows that the 
climate of the Northwest was not the same as the climate of eastern North 


56 Halliday, W. E. D. and A. W. A. Brown: “The Distribution of Some Important 
Forest Species in Canada.” Ecology, 24, 1943, pp. 353-373. 
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America or of eastern Asia, in spite of the similarity of their floras at that 
time. The late rise of the Cascade range would, however, permit a wide 
approximation of the climates of the Northwest and of western and central 
Europe. On this basis the conclusion becomes inevitable that a given vege- 
tation can, or at least could during the Miocene, occur in more than one 
type of climate. Even today, the climates of New England and western 
Europe do not agree and yet there are remarkable similarities in the genera 
and even species that compose the forests of these two regions. The poverty 
in species of the European forests is not due to present differences in the 
climates, but to the combination of topography and Pleistocene climates. 
The acceptance of uniform climate for areas in which the Miocene forest 
of the Northwest occurred is further complicated by the fact that such uni- 
formity would demand a different system of ocean currents in both Atlantic 
and Pacific. It would furthermore require altogether different atmospheric 
characteristics for the semipermanent high pressure areas of the horse lati- 
tudes, in fact, for the entire atmospheric circulation. -There is no evidence 
for such far-reaching changes and to cite uniform vegetation alone in sup- 
port of such theories must remain entirely inadequate as long as evolutionary 
changes within plants are admitted, or as long as the same genus or species 
occurs in different climates. 

Minor climatic variations occur almost constantly, and it may well be 
assumed that the contrasts between the climates of all areas where the 
Miocene forests of the Northwest occurred was periodically less pro- 
nounced than it is at present, but the proposition that the climate of the 
Northwest and New England, of France and southeastern Siberia should 
have been the same must be rejected. 

The present composition of the forests of the Northwest is therefore not 
so much the consequence of the prevailing climate. Much rather it results 
from events in the climatic history since the Miocene era, especially in their 
relation to location and relief, and their effect on the number of biotypes. 

Before drawing to a close, it may be pointed out that volcanic activity 
has not been a disturbing factor in the forest composition of the Pacific 
Northwest, as Hansen has shown.*’ 


CONCLUSION 


The investigation into the absence of widespread deciduous forests in 
the Northwest has primarily shown that any clear-cut explanation cannot 
now be given. Nevertheless, certain interesting conclusions may be reached. 
1. The proportion of broadleaf deciduous trees in the forests of the North- 


57 Hansen, H. P., see footnote 31, p. 540. 
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west should be greater than it is at present, on the basis of climatic compari- 
son. 2. The present proportion of broadleaf deciduous trees in the forests 
of the Northwest cannot be explained adequately by present climatic or 
edaphic conditions. 3. The responsibility for the small share of hardwoods 
in the forests of the Northwest rests, at least in part, with these features: a 
fluctuation of the climate from conditions similar to modern ones through a 
serious deterioration with much glaciation back to the original climate ; the 
location of the Northwest on the western coast of North America, facing 
prevailing on-shore winds from the Pacific; the relief features of the 
Northwest, which by their peculiar character entrapped the deciduous 
forests at the time of greatest climatic deterioration; the loss of biotypes 
during the period of entrapment. There is no doubt that to these arguments 
another should be added, the one of biotic environment, in spite of the fact 
that it cannot as yet be used satisfactorily in explaining the present forest 
composition of the Northwest. 
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Memorial to Samuel Weidman, 1870-1945 
CLYDE J. BOLLINGER 


Samuel Weidman, Professor Emeritus of Geology at the University of 
Oklahoma, field worker, research student, writer of scientific publications, 
teacher, and beloved friend, died after a long illness on September 22, 1945. 

Dr. Weidman was born October 11, 1870, near Reedsburg, Wisconsin, 
in a district noteworthy for the large number of students attending high 
school and college. He was graduated from Reedsburg high school in 1888 
and taught a country school the following year. In 1890, he enrolled at the 
University of Wisconsin, electing an honor course leading to the degree of 
Bachelor of Science, which he completed in 1894. 

His graduate studies were pursued under fellowships at the University of 
Chicago and the University of Wisconsin. In 1898, the degree of Doctor of 
Philosophy was conferred upon him at the latter institution. The next year 
he was married to Miss Adda Westenhaver, a graduate of the University 
of Wisconsin, School of Music. 

As geologist for the Wisconsin Geological and Natural History Survey, 
1899-1918, his investigations included the igneous rocks of Fox River 
Valley, the Baraboo iron-bearing district, the Geology of Central Wisconsin 
and the soils of a part of northwestern Wisconsin. His summers were spent 
in field work, travelling by use of horses, a bicycle, and on foot. His winters 
were spent in studying collections and writing numerous bulletins of the 
Wisconsin Geological and Natural History Survey and articles for the 
Journal of Geology, the American Journal of Science, and the Wisconsin 
Engineer. 

In 1920, he transferred to the University of Oklahoma, advancing to 
Professor of Geology in 1925 and Professor Emeritus in 1943. For several 
years, he was chairman of the University Research Committee. In Okla- 
homa, he did field work in the Arbuckle and Wichita Mountains and the 
zine and lead region of northeastern Oklahoma. His work on the Miami- 
Pitcher Zinc and Lead District was published by the University of 
Oklahoma Press in 1932. 

Dr. Weidman became a fellow of Geological Society of America in 1903, 
fellow of American Association for the Advancement of Science, and the 
Oklahoma Academy of Science of which he was president in 1924. He was 
a member of American Institute of Mining and Mineralogical Engineers, 
Association of American Geographers, American Association of University 
Professors, and the University of Wisconsin Chapter of Sigma Xi. 
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He had a sustained interest in geography and enjoyed discussing geo- 
graphical and anthropological problems. He was a scholarly, kindly gentle- 
man, and in his passing geography lost a true friend. He is survived by his 
widow and three sons, Samuel Weidman, a chemist, Dr. John M. Weidman, 
and Dr. Robert H. Weidman. 
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